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Abstract: Spain is a country with a high dependence on fossil fuels. For this reason, in 2007,
it implemented a bonus system that aimed to encourage the production of renewable energies,
particularly photovoltaic solar energy. These production bonuses, guaranteed by the Spanish
government, led to an exponential increase in the number of companies in the market and, consequently,
the MWh produced. However, in 2012, given the excessive budgetary burden involved in maintaining
this “feed-in tariff” system and after several years of institutional instability, the aforementioned
system of incentives for phoyovoltaic (PV) energy was eliminated. This paper has tried to analyze
the consequences of this institutional change, a clear example of the “hold up” problem. For this
purpose, a sample of 5354 companies, which was divided, geographically, into Spanish regions and,
temporarily, into three different periods, has been taken, considering diverse economic and financial
variables. The results show a notable weakening of the sector that, due to the effects of the regulatory
change, has lost attractiveness and profitability for investors and is consequently suffering from
stagnation, which has led to the disappearance of many companies in the sector.
Keywords: Spain; solar photovoltaics; institutional frameworks for energy transition; hold-up
problem
1. Introduction
The high dependence on fossil fuels in some countries causes a high energy bill. Among them is
Spain, which imports large quantities of fuel oil [1–4]. In 2000, 74% of the energy generated in Spain
came from fossil fuels. By 2012, however, the share of fossil fuels had fallen considerably to 52% [5,6].
This drop of more than twenty percentage points was the result of active policies implemented by the
Spanish government. In order to follow European policies in terms of implementing a less polluting
and more diversified energy model, Spanish governments promoted the production of renewable
energies, focusing especially on photovoltaic solar energy [7,8]. In response to its concerns about
energy efficiency and climate change, the European Union (EU) Directive 2009/28/EC was approved,
which set the goal that 20% of the EU’s energy consumption should be produced by renewable energies
by 2020. This last decree shows how each member country takes into account the starting situation
of the member countries and proposes different scenarios for each of them. Even so, the EU did not
approve a common regulation for all its members, but rather it is they who decide how to promote it.
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Spain has very favorable climate conditions for a high production of solar photovoltaic energy, as
it is one of the European countries with the highest number of hours of solar radiation. Figure 1 shows
the map of climatic zones in Spain, including graphic indicators of daily insolation over horizontal
surface. As can be seen in the figure, the regions in the southern half of the country have the greatest
potential for harnessing this energy. For this reason, the government focused mainly on this type
of renewable energy [9,10]. However, in addition, the decrease in the cost of solar panels made this
technology one of the most attractive for investors, this being another reason that the government took
into account [11,12].
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As a result of this urgent need to reduce the energy bill and because of Spain’s favorable conditions
for obtaining cleaner and cheaper energy, since 2007, the government’s energy decisions have focused
on implementing a very aggressive subsidy policy, which has attracted thousands of investors and
has led to the Spanish solar photovoltaic energy market experiencing great growth in the following
years, both in terms of MWh produced and the number of companies in the sector (Figure 2). This is
shown by the fact that in 2007, photovoltaic production was assumed to be 152 MWh, while in 2010 it
reached 3842 MWh and in 2018 the figure reached 4744 MWh produced [14–16]. This policy had certain
positive results: it increased the weight of renewable energies in the Spanish energy mix and reduced
CO2 emissions (7,5 t CO2/capita in 2007; 5,6 t CO2/capita in 2010; 5,2 t CO2/capita in 2018) [5,15].
These policies led Spain to achieve excellent results, with a notable decrease in fossil fuel
consumption. In 2011, Spain reached the third place among the countries with more production in
Europe, which, in that year, was the world region where more photovoltaic energy was produced.
However, despite these good results, the Spanish executive decided to make a change in policies
to promote solar energy. The most important reason for this change was that the public treasury could
not assume such a high cost overrun caused by the feed-in tariff system in a scenario of economic
crisis. This renewable energy incentive system was widening the gap between generation costs and
revenues collected through tariffs, increasing the “tariff deficit” [5]. Moreover, the policy of premiums
implied an enormous transfer of public resources towards investors in photovoltaic energies, with
evident discomfort from other agents in the energy market, such as the large electricity companies who
claimed that the system in general was becoming more expensive due to such premiums. Therefore, in
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2012, after a succession of increasingly restrictive laws with public subsidies for photovoltaic energy,
these incentives were definitively abolished.
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r lationship between electricity companies and the country’s political elites is an underlying
factor tha can be incorporated w en explaining energy policy in Spain, although th study of these
relationships for our case study is inconclusive due to th lack of qualitative information on the direct
relationships between large companies and political leaders and th ausality of decisions. In any case,
it is true that even without t support of the electricity companies, the bonus policy was approved
and applied by the government and was s bsequ ntly rectified by the same socialist gov rnment.
Beyond the influence of lobbies on the executive’s political agenda, it seems clear that th chang in the
economic scenario was th key factor. Thu sinc 2010, the Spanish central governm nt, faced with
the do bt of the markets and the consequent pressure from the European stitutions, was f rced to
implement a restrictive economic p licy. This exemplifies th scenario of the chang in overnment
priorities. The govern ent w s forced to odify its policy on renewable energies, wh ch had involved
un xpectedly rapid xpansion. The effe ts of the canc llation of the feed-in tariff system were very
significant. Although PV solar power generation continued to grow, from 2014 onwards this growth
slowed down e ormously, with an annual growth r te between 0.15% and 0.40% between 2014 a d
2018 [16]. This trend in production, together with the few companies that entered t market, leads
to the stagnati n f the sec or. In fact, the d rect consequen es of institutional change have fallen on
the business sector. This a nt has seen how it has gon from a favourable economic s enario, where
the profitability of investment in photovoltaics was high, to a completely unfavourable scenario
the regulations have changed. As a result of the change, the possibiliti s o return on the irreversible
investments made are drastically reduced, to the point that neither minimum re urns nor capit l
amortisation are guaranteed [14,17,18].
The magnitu e of the change in energy policy and its implications have been wid ly studied
by academia. Although there is a wide variety f economic stud es that have analyzed this
case [7,8,14,17–24], this paper provides a novel approach by combining the use of the New Institutional
Economics (NIE) approach and the qualitative evid nce derived from the processing of data from a
longitudinal population sample of 5354 companies. This c mbination has allowed an analysis of the
evolution of key economic-financial variables to understand ho institutio al change as affected the
Spanish private energy s ctor. The paper is structured in five secti ns. The second section analyses
the institution l change in the Spanish PV ector based o he New Institu ional Economics (NIE)
fu damental . The third section explains the m th dology used for the emp rical study, which treats
the data derived fr m the sample population of 5354 companies. The fourth s c ion analyses the
economic-fin ncial resu ts deri ed from the empirical study. Fi ally, the fifth section presents t
onclusions of the paper.
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2. Spanish Photovoltaic Sector
The regulatory framework for renewable energies in Spain was developed in the 1980s through a
law promoting mini-hydro (Law 82/1980 on energy conservation). This law was developed in order
to address the oil crisis and improve energy efficiency. An important milestone in the regulation
is set by Royal Decree (RD) 2818/1998 on the production of electricity by installations supplied by
renewable energy resources or sources, waste, and cogeneration (repealed by Royal Decree 436/2004
and subsequently by RD 661/2007), which establishes that the premiums of the special regime should
be updated annually and revised every 4 years. RD 661/2007 maintains sale at a regulated tariff
(established in RD 436/2004), which is the fixed price that the producer receives for the energy dumped
into the system, or directly into the market, receiving the price negotiated in the system plus a premium,
with the total remuneration being cap and floor.
RD 1578/2008, which reviewed RD 661/2007, modifies the economic regime for the production
of electricity using photovoltaic solar technology for installations after the deadline for maintaining
remuneration under RD 661/2007. The remuneration of these installations is based on different annual
calls with power quotas by typology and is adjusted to the learning curve of the technology (the price
and power quota is specified for each call), which results in a lower cost of electricity in relation to the
previous model. Additionally, this RD 1578/2008 limits the application of RD 661/2007. RD 222/2008
sets the annual updates of the tariffs and the upper and lower limits of the special system. Due to the
economic impact that renewable energies have on the tariff system, RD Law 6/2009 was approved in
order to establish mechanisms for the remuneration system for special regime installations (except
for photovoltaic technology, which is already regulated in RD 1578/2008), and thus guarantee the
sustainability of the system, both from a technical and economic point of view. The need to limit the
accumulation of tariff deficits by the Spanish electricity system led to a reduction in incentives for the
photovoltaic system, as reflected in RD 1565/2010. Figure 3 shows the evolution of the investment
made in Spain [19].
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Figure 3. Tariffs in the Spanish photovoltaic (PV) regulatory framework. Own elaboration with the
data of [19].
Figure 4 (top figure) shows how the installed power increased significantly in 2008, and moderately
from 2008 to 2011, and between 2012 and 2016 it practically stagnated. In relation to the energy
generated (Figure 4, average), due to the large number of new installations, in the period 2007–2011
the power generated shot up. Until 2012, when the change in policies will stagnate the generation.
Additionally, Figure 4 (below) shows the ratio called Peak Sun Hours, which is an hour during which
the intensity of sunlight is 1000 watts per square meter). Its meaning is the number of hours of sunshine
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at 1 kW/m2 to obtain a given insolation. The figure stays around 1500 h. There is a relationship with
the map of Building Technical Code areas. The Building Technical Code in Spain is known as Código
Técnico de la Edificación, CTE. If we transform the kWh/m2/day to h of the figure, its values oscillate
between 1387 and 1825 h. Therefore, the ratio obtained is an expected value [25].
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When analyzing the evolution of the installed power within the Spanish territory (by Autonomous
Communities (CCAA)), it can be seen that Castilla-La Mancha is the region with the most solar
photovoltaic power installed with almost 20% of all national power, followed closely by Andalusia
and a little further away by Extremadura and Castilla y León [26]. These four communities represent
the 61% of the installed photovoltaic power in Spain. (Figure 5), as they are in the southern half of the
country where most radiation is received. Another factor to take into account is that in these regions the
surface available for installations is high. Solar power output has stabilized over the past three years
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after a long path of continuous growth. Photovoltaics began to take off in 2000 with 1 GW installed,
reaching a record growth figure in 2008 with the installation of 2733 new MW of power, growth that
continues until 2013 with more than 250 MW installed each year on average, to remain practically
unchanged since then. In 2018, photovoltaics represented 3% of total electricity generation [25]. In
2017, photovoltaic solar energy increased its contribution to the national GDP by 7.2%, maintaining the
upward trend that began in 2015 [27]. The reasons for the advance experienced by this technology
are the activity associated with self-consumption and a greater investment by the companies for the
implementation of the new projects awarded in the auction of July 2018, where there were more than
4000 MW of new photovoltaic solar power to be installed before 2020. Despite the auctions that were
carried out, the Spanish photovoltaic sector was still in crisis in 2018 as a result of the electricity reform
of 2012 and the retroactive measures included in the RD Law 14/2010 and RD 413/2014.
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n elaboration ith the data of [26].
Until the new self-consumption registry defined in RD244/2019 is implemented, the only
official reference regarding the territorial implementation of self-consumption in our country is
the Administrative Registry of Self-consumption of Electrical Energy”. This registry consists of two
sections corresponding to the two types of self-consumption: without surplus (Section 1) and with
surplus (Section 2). Additionally, the installations are classified into types. Therefore, within the T1.1
(Type 1 and Section 1), the installations of self-consumption mode “Type 1” with a contracted power
lower or equal to 10 kW are framed. Within T1.2 (Type 1 and Section 2), “Type 1” self-consumption
mode installations with a contracted power greater than 10 kW are framed, and within T2 (Type 2 and
Section 2) the installations of Type 2 are framed. Figure 6 shows registered data of photovoltaic power
for self-consumption installations until 31 December 2018.
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The most notable aspect of these data is that the number of installations grew by 80% with respect
to 2017. However, the increase in installed power was only 40%, which clearly indicates that most of
the installations commissioned in 2018 were small. The number of Type 1 installations with outputs up
to 10 kW increased by 143% in 2018, the number of Type 1 installations with outputs above 10 kW
increased by 58% and the number of Type 2 installations increased by only 30%.
As regards the geographical distribution, the largest number of self-consumption photovoltaic
installations are to be found in the autonomous communities of Catalonia, Andalusia, and Galicia, in
that order. However, in each of them, one type and section prevails: in Andalusia and Catalonia, Type
1 installations corresponding to Section 1 stand out, while in Galicia, Type 1, Section 2 installations
have a greater presence.
These three communities are also the ones that group together the greatest capacity for
self-consumption in terms of power. Catalonia is in first position with 6.3 MW, followed by Galicia
with 5.9 MW, and Andalusia with 4.8 MW. The three regions account for more than 62% of the installed
power and 56% of the total number of installations [28].
The employment footprint groups all employment directly and indirectly associated and induced
with the productive activity of the photovoltaic sector. In 2018, there was an increase in the number
of direct and indirect jobs, which is expected to continue in 2019. Table 1 shows the evolution of
the national or domestic direct employment footprint, that is, the workers directly employed in the
different activities of the sector in Spain. This time series shows the effect of different regulations on the
sector. Around 40% of the employment generated in Spain by the sector is due to the dragging effect of
the Production activity and 25% of the employment generated outside the Spanish borders [25].
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Table 1. Direct and induced employment of the solar photovoltaic sector [28–30].
Employment 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Direct 5547 5778 6414 25,063 10,889 9952 10,013 9914 9302 8587 8818 8974 10,464 11,632
Indirect 2932 2926 2911 2900 1615 1556 1670 1576 1446 1357 1392 1418 1845 2507
Total 8479 8704 9325 27,963 12,504 11,508 11,683 11,490 10,748 9944 10,210 10,392 12,309 14,139
This work has been oriented towards the impact that legislative changes have had on the financial
and business sectors in Spain, in which the specific performance of the facilities has little influence.
Although it is true that specific performance varies depending on the area, it is also true that it has not
changed substantially, but the economic performance has managed to reduce the price of Wp by 85%
(it has gone from 6 euros/Wp in 2006 to 0.8 euros/Wp in 2014). On the other hand, the upward trend of
BIPV installations is the result of the imperative need to seek solutions to the energy problem, it is a
priority to achieve buildings with zero consumption and self-sufficiency, in this field the PV plays a
fundamental role, so there is a tendency to take advantage of solar energy in building. The problem
outside Spain is incomparable since the legislation has suffered notable changes in Spain, while in the
rest of the countries the energy policy has not varied so deeply, so the effect is not comparable [29–32].
3. Institutional Framework of the Spanish Solar Photovoltaic Sector
The New Institutional Economics (NIE) has established theoretical foundations that have allowed
for significant advancement in the institutional analysis of resource management, including energy
resources. The innovative nature of the NIE has led to the adoption of a multidisciplinary approach
to the study of energy resources. Furthermore, it is important to point out that, in order to create a
solid framework of study that is capable of providing solutions to the problems of the sector, case
studies are an essential part, such as the one analysed in this paper. In a reality as complex as that
presented by today’s developed economies, the study of the various governance structures must be
approached with tools that embrace complexity and incorporate it into the analysis. This is the case of
the NIE. In this way, the NIE approach will help to draw solid conclusions adapted to the complexity
demonstrated by the Spanish energy sector.
According to the New Institutional Economics, institutions are understood as the rules of the
game of society [33] because they determine the structure of the economy, establish incentives for the
economic behavior of agents and affect social interaction, and can promote or contract exchanges in
an economy [34–36]. This happens, among other factors, because institutions redefine the level of
uncertainty to which individuals are subject, stimulating or discouraging transactions by providing
more or less certainty about what the actions of economic agents will be [37,38]. In this sense, it
is important for an economy that the institutional structure reduces existing uncertainty and that
regulatory stability is a fact, ensuring that institutional changes are balanced [39–41].
The process of institutional change described in this paper corresponds to the political action of
the government and the legislative action of the parliament. Thus, although this work is eminently
empirical, the theoretical framework for studying the problem is based on the New Institutional
Economics. Under this research program we can study the transactional issues and governance
structures of the third level of social analysis indicated by [42].
Before delving deeper into the institutional foundations, a brief description of the case is required.
With the arrival of the economic crisis in Spain, and later, with the change of the government of the
country in 2011, there was a brake in the energy policy that financially supported the installation of
photovoltaic plants in plots of Spanish territory. In this case, the entrepreneurs who invested ex-ante
in photovoltaic plants driven by the expected yields based on the high premiums offered by the
government, see ex-post how the government changes policy, reduces the premiums, and eliminates
the profitability of such investments already made, making it impossible for investors to recover
what has already been invested. This change implied a massive reduction in the bonus attributed to
entrepreneurs who produce solar energy in the “solar farms” [18,43].
Sustainability 2020, 12, 1892 9 of 18
The purpose of the study, in this case, is to analyze how the change of incentive policies to a
sector reduces the return on investments in it, and how these investments once made cannot have any
other purpose than the generation of photovoltaic energy, constituting a “hold-up” problem analogous
to that defined for the transactional economic theory of the company [14]. Within the economy of
transaction costs, “the hold-up problem” is defined as the risk derived from the change in the formal
contractual rules, which would suppose an “expropriation” or “robbery” of the irreversible investment
made by the company [44]. It is precisely in this last type of relationship that the case study in this
chapter is situated. Incomplete contracts and the risk of “robbery” of irreversible investments is even
greater in political or political-private relations [45], because, in the world of politics, contracts are
particularly complex, incomplete, difficult to guarantee their execution, and affect multiple agents. It
follows that legislators can pass laws at any given time but that those laws can be changed later by
those same legislators or by others. The inter-temporal component of public policy is vital in policy
making [46].
At the same time, it should be noted that, in the existing distributive game in the electricity sector,
each decision by the State implies the existence of winners and losers, especially since this is a sector in
which there is room for different types of regulations and the application of laws. Well, it is true that
the large electricity companies criticized the policy of premiums for solar farms, highlighting their
very high cost, and demanded the elimination of them. Even when the rectification of the premium
policy began with the new measures adopted for the solar energy sector in 2010, the large electricity
companies continued to call for further adjustments in the premiums for renewable energies in order
to limit the tariff deficit.
The time evolution of the case study reflects that the Spanish government underestimated the cost
of the incentives to the public treasury (at an aggregate level, the special regime in energy received
public funds for an amount exceeding 6 billion euros, which is two billion more than initially estimated).
Moreover, when the first major law on the feed-in tariff system was passed, Royal Decree 661/2007, the
economic crisis was already a reality in Spain [47]. Moreover, in view of this macroeconomic scenario
of losses, the same government that implemented such high remuneration for solar energy had to
gradually eliminate the tariff system. The elimination of the incentive system in 2012 diminished the
attractiveness of the sector for investors, slowing down the growth of the sector until now [14].
From a transactional perspective, the incentive policy of solar fields can be analyzed as a contract
in which the state promises incentives and aid that guarantee a high return while investors make an
investment. The problem arises because the contract is incomplete and does not cover all contingencies,
and furthermore these political contracts are not enforceable against a third party, as the political
analysis of transaction costs has highlighted. This is why, in this analysis, the time horizon is a very
relevant factor [14,48]. Between 2007 and 2010, the regulations applied by the government encouraged
investment in solar energy. But from 2010, expected returns on investment began to plummet as laws
approving public incentives were repealed. Due to this chain of events, it has been considered relevant
to carry out an empirical study to quantify the economic losses of companies in the sector, as will be
done in the following sections.
4. Methodology
To carry out the empirical sectorial analysis, we have used the SABI (Iberian Balance Sheet
Analysis System) database. This database, for Spain and Portugal, contains the annual accounts of the
companies included in the Mercantile register in the Iberian Peninsula. SABI is the Spanish extension
of the Bureau van Dijk’s Amadeus database. In order to delimit the population sample, four criteria
were followed:
• Country: Spain;
• Tax on commercial and professional activities (IAE (All codes): 1514—Sun water and other form
of energy;
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• National Classification of Economic Activities (CNAE) 2009. (Primary codes only): 3519—Other
types of electric power production;
• Trade description: the words “photovoltaic” or “solar”.
• Once these filters had been applied, we obtained a sample of 5354 companies.
• To characterize the evolution of the sector we have supported our analysis in four main variables
collected in the economic balances of the companies in SABIs such as:
• The number of photovoltaic companies by date of creation in each Spanish Regional government
segmented by period.
• The mean of Sales for each Spanish Regional government segmented by period.
• The mean of Operating Margin for each Spanish Regional government segmented by period.
• The mean of Financial Result for each Spanish Regional government segmented by period.
• For this analysis, it is considered that it would be necessary to complete it with a variable related to
the sector’s workforce. However, this has not been possible due to the lack of data on the number
of employees in each company, since, in the fiscal accounts provided by SABI, this variable did
not have a large number of records.
5. Results
The results of the financial analysis carried out with the sample collected from SABI reflect a sector
with a wide expansion in a short period of time 2005–2009 thanks to institutional incentives (Figure 3),
stopping one year before the approval of the Royal Decree 1565/2010 where the first reductions in
photovoltaic energy production bonuses appeared. In addition, as previously shown, photovoltaic
solar energy production has experienced generalized growth at the stage of approval of photovoltaic
premiums, with a generalized reduction, from 2010 onwards, for all the climatic zones in Spain with
the cancellation of premiums. The behavior of this variable is a concrete but representative example of
what has happened in the sector, as other variables in the sample follow this pattern.
During the stage in which the variables are studied, 2001–2016, the world market for photovoltaic
energy presented strong variations. At the beginning of the 21st century, Europe was the leading
region for photovoltaic energy. In fact, it had the first and second largest Solar PV electricity generation
in the world in 2011: Germany with 19,599 GWh generated and Italy with 10,796 GWh generated [49].
However, since 2012 it has been observed that the demand for photovoltaic solar energy production,
clearly focused on the European market in recent decades, was being diverted to countries such as
China, Japan, or India. Europe was already a mature market. In 2016, the push from China, the
United States, and Japan had relegated Europe to second place, with Asia being the continent with
the highest production, more than 50% of the total [50]. Through the different variables we will be
able to carry out a more detailed analysis of the consequences and the factors of the institutional
change that has occurred since 2008. Figure 7 shows, by periods, the number of companies per year of
creation classified by regions. In the period 2001–2006, the most influential law, which would mark the
beginning of premiums in the photovoltaic sector, was Law 54/1997 [14,22]. It stipulated premiums for
those plants under 10 MW. With this law, the photovoltaic energy sector was promoted as a growing
market with guaranteed profitability, although not very high, by the public sector itself. In 2004, Royal
Decree 436/2004 was approved, which aimed to unify the different existing regulations to achieve a
reference rate. This law extended the premiums for photovoltaics to installations of up to 100 kW,
establishing a system of sections that would set the guidelines for the following pieces of legislation
within the sector. This first period experienced a continuous but moderate growth, since the investment
in the photovoltaic installations was still sensibly expensive and the premiums of these first pieces of
legislation were not as attractive as they would be in the following ones [51].
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In the period 2007–2011, the great boom of the photovoltaic sector takes place. It is significant
that before 2007 the photovoltaic power accumulated in Spain was 152 MW, while in 2010 it exceeded
3000 MW [20]. This exponential growth was marked by Royal Decree 661/2007, which established
a fixed initial rate that would be updated with the level of inflation but also a maximum number
of hours in which one could receive the incentives. Other contributions were as follows: a) the
incentives would have a partial reduction at 25 years and b) the implementation of a ceiling of 371
MW of installed power in the Spanish territory where, once reached, the rates would be revised. The
legislative framework implemented with this decree provided long-term stability and profitability,
which attracted investment in this sector. However, in addition, there were other socio-economic
factors that drove the great growth of photovoltaic energy [52]: (a) The global economic crisis affected
Spain considerably. Sectors to which investment had traditionally been directed, such as construction,
were no longer a safe business. Therefore, a business legally pursued by the public administration
and with juicy premiums, such as solar energy, attracted the attention of investors. (b) The Spanish
financial system, led by savings banks and banks, publicized this type of investment, making it reach
different types of investors. Of the 20,000 million euros invested in this business, 75% of them came
from national or foreign banks. (c) “Project finance” was created to facilitate the investment. Financial
institutions founded them as micro-enterprises. These sought to pay the debt acquired for training with
the returns on the investment, since the minimum profitability was guaranteed by law in the actual
Decrees approved. (d) The characteristics of the solar modules favoured that they could be grouped
in small photovoltaic parks and were more accessible to small investors, even individually. (e) The
extra-official information about the hardening of the conditions for the installation of the photovoltaic
panels after 2008 accelerated their installation with a date before this horizon. (f) The technology of the
solar panels had improved and decreased in price and, consequently, energy production increased.
In addition, the lower euro–dollar differential in 2006, 2007, and 2008 meant that imports were cheaper,
which encouraged the purchase of photovoltaic panels. [23,52].
In Figure 7, we must pay attention to Madrid. We must clarify that in this figure the region of
destination is attributed according to its fiscal domicile, not where the solar panels are located. Madrid,
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in addition to having better infrastructures that promote the industry, has a higher percentage of
companies related to the photovoltaic sector but that are not direct energy producers. That is why, this
region has a higher percentage of companies than other Spanish regions with more hours of sunlight
per year [14,49].
Until 2011, leaving aside the community of Madrid, a large number of companies were created
related to this sector, in the regions with more hours of sunshine, highlighting Andalucia and Valencia.
In the north of the country, the appearance of new companies was very small.
It is notable that the creation of new companies in the 2012–2016 period is much lower compared
to previous periods. In fact, in that period, a considerable number of companies in the sector closed
with the corresponding loss of jobs that this entails. This sharp interruption in the growth of the
photovoltaic sector is intrinsically related to the institutional change that occurred in Spain since 2010.
The prelude to the change in premium policies began with the approval of Royal Decree 1578/2008 [53].
This decree established a quarterly call procedure that established the price of kWh. In this way, the
Pre-Assignment of Retribution Registry (RPR) was created to control the installed power. Given the
small quotas that were legislated and the delay in their allocation, a large number of projects were
delayed in their implementation. However, the definitive change of rules occurred with Royal Decree
1003/2010, Royal Decree 1565/2010, and Royal Decree-Law 14/2010 [14,19]. With this new legal scenario,
the owners of solar parks had to certify the date on which their plant began to operate, and according to
this date, they would be entitled to charge one or another bonus. In addition, certain aspects of Royal
Decree 661/2007 were revised, such as long-term bonuses, and technical innovations were required for
the plants [18]. According to the calculations of the Spanish Government, these measures represented
a saving of 740 million euros from 2011 to 2013. Consequently, the loss of profitability of some plants
reached up to 40% [23].
In addition, the profitability of the sector worsened in 2013. When Royal Decree Law 2/2013 was
approved, companies were forced to choose between the two existing mechanisms of retribution: go to
the market or, in the case that the price does not cover generation costs, receive a compensatory bonus.
However, the situation of the sector became critical when Royal Decree Law 9/2013 was approved,
which completely eliminated the premiums for the generation of photovoltaic energy [22].
Another key variable when analysing the great growth of the photovoltaic sector in Spain is the
amount of electrical energy produced under special regime sold (sales). Figure 8 shows a large increase
in sales in the sector. From 2001 to 2008, the amount of sales tripled. In the later period, with an
economic and institutional scenario not so favourable, sales stagnated.
To compare the affinity between the 2007–2011 and 2012–2016 periods, we must take into account
that Royal Decree 661/2007 introduces the “floor and ceiling” system and, in the event that sales exceed
the “ceiling” figure, it would only be perceived the roof support level (the roof level was reached at
100 Kw). That is why the variation of sales between the period 2007–2011 and 2012–2016 is minimal,
since the photovoltaic plants, from its massive installation, decided to produce up to the limit “ceiling”
and have maintained that level for the last two analysed periods [22]. As can be seen in Figure 8, the
variation of the sales of the sector for the period 2007–2011 and 2012–2016 has been very small, even
in aggregate terms it has decreased by several percentage points its aggregate variation rate for all
of Spain [24]. This fact is due to the maintenance of the ceiling production figure (analysed above)
and the brake on the creation of companies in the sector. Although the net change in the creation of
companies has been positive in the 2012–2016 period, compared to the previous period, their figures
are much lower.
Another variable analyzed is the operating margin (operating earnings/revenue), which obtained
its worst results in the 2007–2011 period (Figure 9). The communities in the south and in the Canary
Islands are among those that have suffered the least impact during these periods. The causes of its
worrying development in this stage are due to the change in trend towards the photovoltaic sector of
Spanish legislation. After the approval of Royal Decree 1565/2010, the sector reacted negatively to the
change in rates and the negative outlook regarding its future. That is why the average operating profit
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decreased by five percentage points between 2009 and 2010. Following this trajectory, the inter-annual
variation from 2012 to 2013 was minus 10 points [19,22].Sustainability 2020, 12, x FOR PEER REVIEW  13  of  18 
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In terms of financial results, the worst results are focused on the 2007–2011 period (Figure 10).
The financial results ratio was calculated taking into account the financial result and the EBIT (Earnings
Before Interest and Taxes). Financial expenses in this period increased as the number and amount of
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bank loans granted to the sector grew substantially. As mentioned above, given the high profitability
of the policies approved by the executive branch, the Spanish financial system promoted an aggressive
investment policy in the solar sector. This strategy attracted a large number of investors—remember
that 75% of them were foreign—and created new products, such as "project finance", to increase the
attractiveness of the sector. These loans were financed at an average interest rate of 16% [19]. In addition
to this high level of indebtedness that would begin in 2006, the financial result was affected by the
“hold-up” process that took place in 2008, by which investors who had opted for the photovoltaic
sector—for having a high profitability and its insured premiums through Law Decrees—found that
this situation became reversible, eliminating by law all those subsidies to the sector [14]. When the
regulations contained in the decrees law decreased the profitability and the large premiums, the
relative increase in the financial result was high. Recall that, following the reductionist trend, the rates
approved in Royal Decree 1578/2008 for each subgroup of solar energy decreased in comparison with
the Royal Decree of 2004. Facilities with a power equal to or less than 20 kW are assigned a tariff
of € 0.32/kWh; while the facilities with a higher power were given a price of € 0.34/kWh (remember
that in 2004, most of the installations received a tariff higher than € 0.40/kWh). That is why in 2009,
the creation of new companies decreased and installed photovoltaic capacity stagnated for the first
time in four years. Likewise, this process had an impact on the coverage index, which increased two
inter-annual points from 2008 to 2009 [19].
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In addition, as of 2008, private financing began to suffer, which worsened the aggregate financial
result of the sector. The sovereign debt crisis and the euro crisis caused the private financial sector
to tighten the conditions for access to credit. This circumstance had a negative effect on the financial
results of the co panies, which increased their negative trend fro 2008 to 2012 [19]. For its part, the
Spanish State, faced with this knot in private financing, decided to undertake compensatory measures.
However, although a credit line of the Official State Credit Institute was launched in July 2011, with a
variable interest rate and a repayment term of seven years maximum, this initiative was not enough to
replace the now-defunct private financing [14].
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6. Conclusions
Institutional change is a path that determines the evolution of the rules of the game that establish
the incentives of economic agents. The institutional analysis carried out throughout this chapter reflects
how the institutional change over the policy of incentives and premiums to the photovoltaic sector
explains an expansion phase and a subsequent phase of growth slowdown.
Actually, the legal framework defined by Royal Decree 661/2007, and other subsequent ones,
established a system of bonuses and incentives that allowed for the creation of a bubble of the
photovoltaic energy sector. It is important to point out that the role of the government was decisive in
promoting the Spanish photovoltaic sector, which is interested in betting on energy diversification
and renewable energies. In addition to the incentives from the state, there have been other external
factors—such as the accessible financing by private banks, the search for a refuge sector to replace
the construction sector, or the creation of "project finance"—which promoted the excessive growth of
the sector.
However, the high cost of premiums to the sector, in a situation of economic crisis, was the
determining factor for the reversal of incentives to the sector. This new situation is an example of a
“hold-up” problem, whereby irreversible investments cannot be amortized with a change of political
and legal scenario. Proof of the strong slowdown in growth in the sector is the paralysis of the creation
of companies in 2012–2016. The establishment of a production quota, the Pre-assignation of Retribution
Registry and the progressive reduction of premiums until their disappearance explain this trend.
Consequently, the benefits have also been resented. That is why the inter-annual aggregate variations
of the benefit variable were negative between 2010 and 2014. The exception is represented by regions
such as Andalusia, Canary Islands, or Extremadura where, in addition to being located in an area
of high solar radiation, their regional governments have promoted forceful measures to support the
sector. On the other hand, the vast majority of Spanish regions have negative benefits.
As we have emphasized above, the institutional constraints have been fundamental. The global
crisis of 2008 made the financial conditions harder and, although the state tried to improve this
situation with a public credit line, it had, as a consequence, the worsening of the financial results of
the companies in the sector. A sector whose indebtedness was not compensated by decreasing kWh
premiums that did not cover the cost of the debt used to finance it.
This case is a good example of the need for a stable institutional framework for the growth and
consolidation of a sector. Especially when that sector is an emerging one and is included in a strategic
sector such as energy. We have analysed how the economic losses for the sector have been considerable
and this situation has led to the closure of companies and the destruction of jobs. However, the
consequences are not only noticeable in this sector. The instability and the negative legal change,
without compensation, can be perceived by foreign investors as a sign that Spain does not guarantee a
stable framework for investment, which can lead to future problems in the country’s economy.
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